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I. PROBLEM STATEMENT 

A) Intent 

Music has been a major part of my life for as long as I can remember. 

First with the piano, and then with the trumpet, playing has provided a 

constant source of enjoyment and stability for me. Few experiences can 

match the thrill of performing. For this reason, I have participated in many 

performing ensembles in the MSU Music Department. 

In my architectural thesis, I recognize the opportunity to combine my 

chosen career of architecture with my love of music. Through the design of 

a performing arts centre I can approach the problem as a musician and a 

designer. Also, I believe that there are many conceptual parallels between 

music and architecture that can be shown through artistic expression, 

phrasing, rhythm, dynamic, articulation, structure, ordering systems and 

so on. 

I chose Bozeman, Montana as the location of this project because, having 

performed in this city, I recognize the need for such a facility here. 

The conceptual basis of the problem is to investigate the use of a 

musical concept (i.e. the fugue) as a major ordering principle for the 

physical building that will make up the Bozeman Centre of the Performing 

Arts. 
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B) Introduction 

The city of Bozeman has a long history of support for the performing 

arts. In 1889 construction was begun on the Bozeman Opera House and City 

Hall. Completed in 1890, this building served until the 1920's as a facility 

for band concerts, theatre performances, touring music and dance shows, 

school ceremonies, and civic events. 

As the population of Bozeman grew, so did the demand for entertain

ment. The presence of the Montana State University campus surely increased 

the number of people who would seek cultural stimulation. The advent of 

motion pictures brought with it a new kind of theatre; one that could house a 

performance on stage one hour, and then lower its screen and project a movie 

the next. The Ellen Theatre is an example of this type of facility. In the 

past, the need for upgraded facilities has been addressed and satisfied with 

new buildings or renovations of existing buildings. The city of Bozeman is 

once again at the point where it must recognize the need for new facilities. 

At its present level of population, there are often times when the exist

ing facilities are full to capacity. If the population continues to increase, the 

problem will surely become acute. According to the 1983 Bozeman Master 

Plan, the city of Bozeman has a population of 28,310. This figure includes 

the university community and the area immediately surrounding the city. 

Bozeman planners project an increase in population to as much as 40,000 by 

the year 2000 if Big Sky ski resort is developed and MSU increases its enroll

ment to 17,000. A similar type of projection for the population of Gallatin 

County has been done for the county and city planners by TAP, Inc. It is 

reasonable to assume that as the major urban community of the county, 
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Bozeman would draw people from all over the county for cultural events. If 

the population increase even comes close to the projected figures, there will 

be no doubt as to the necessity of new performing arts facilities. 

C) Funding Proposal 

The idea for providing a performing arts facility for Bozeman has been 

looked into before by MSU faculty members as architecture class projects. 

Professors Tom Wood and Bob Meeker have both conducted design problems 

based specifically on this subject. Although differing in concept and detail, 

both projects were similar in that an on-campus site was selected. The 

rationale behind that decision stems partly from the logical assumption that 

the land would be provided by the university, and that the facility would be 

funded through university money and government subsidies. 

While this is strong rationale, it does not mean that other site locations 

should be automatically dismissed. Alternate schemes for funding the building 

could allow its placement on an off-campus site, provided that the site is 

truly advantageous. If the facility is designed to be shared by the univer

sity and the city, it would be more accessible to the citizens of Bozeman for 

non-university functions. Such a facility could become a symbol for the city; 

a symbol that does not assume importance merely because of physical associ

ation with the MSU campus. 

The concept of a shared facility is attractive for a number of other 

reasons. If the costs were to be shared by the city and the university 

(which would still allow for government subsidization), there would be more 

money to work with and would make a better quality facility possible. 

Assuming that the university would agree with an off-campus location, the 
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freedom to chose other sites would allow for a more objective selection, based 

on a complete range of criteria. Also, given the opportunity, the city 

planners could incorporate the facility into the master plan and assure the 

provision of adequate arterial and collector streets for handling large volumes 

of traffic. With this kind of foresight, it would be possible to prevent 

potential problem situations such as the traffic jam that would occur if an 

on-campus facility had a major performance at the same time as a Bobcat 

football or basketball game. 

The scheme really starts to look good when one considers the possibility 

of attracting funds from the private sector to supplement city, university, 

state, and federal monies. If the facility were to include some convention 

space, it is conceivable that local Bozeman hotels would be interested in some 

form of contribution. They recognize a need right now for convention space 

in the city, and chances are that they would work out some kind of agree

ment among themselves for a collective contribution. After all, that kind of 

cooperation would encourage the construction of a facility that would benefit 

them all, and for considerably less money than it would take to build a 

convention facility on their own. The only restriction that can be seen at 

this point is that the contributing businesses would expect the facility to be 

in reasonably close vicinity in order to gain increased business from conven-

tionists using the facility. 

To summarize, if the facility included the elements needed by both the 

city and the university, plus convention space and a location easily accessible 

from hotels, it is probable that funding would come from the city, MSU, state 

and federal governments, and local motel owners. 



II. SITE SELECTION 

A) Criteria 

Considering the specific nature of the requirements of the location of 

this type of facility, a system of evaluating different sites against set criteria 

is needed. Five important aspects of potential sites relate to the require

ments of the different user groups that have financial interest in the project. 

They are: 

(1) Interstate/Vehicular Accessibility 

- The facility should be located near an Interstate off-ramp to ensure 

ease of getting to the facility for people who travel from the surround

ing area to use the facility. 

- It should be located close to an arterial or a collector street to ensure 

that the potentially large amount of vehicular traffic generated by 

events could be dispersed easily. 

- It should be located so that it can be found easily by people who are 

unfamiliar with the city. 

( 2 )  H i s t o r i c a l / C u l t u r a l  S i g n i f i c a n c e  

- Since Bozeman has a rich heritage and many historical treasures, the 

location of the facility should be sensitive to important features 

nearby. 

- The building could be located at the site of an historical event to act 

as a contemporary monument to that event. 



(3) Proximity to Campus 

- Since some classes could be conducted at the facility, it should be 

reasonably close to the campus to allow for the students who live on 

campus and must walk. 

- If the location of the site is not physically close to the campus, it 

must be connected conveniently by major streets. 

(4) Proximity to Hotels and Motels 

- In order to attract funding from these.members of the private sector, 

the facility should be conveniently close to the hotels and motels that 

would benefit from the business generated by out-of-town conventionists. 

( 5 )  A v a i l a b l e  S p a c e  f o r  P a r k i n g  

- There should be sufficient space on the site to allow for an appro

priate number of parking spaces. 

- If there is not room on the site, there should be the possibility of 

using existing nearby parking spaces on a shared basis. 

( 6 )  S u b j e c t i v e  A s s e s s m e n t  

- In addition to the five rated criteria, there must also be the provision 

for assessing the subjective aspects of individual sites. 

- Consideration will be given to things such as views from site, views of 

site from nearby roads, adjacent land uses, as well as general 

aesthetic and architectural development potential. 
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B) Process 

(1) Potential Sites 

The following map shows the eight potential sites. Each site has been 

rated according to the five-point categories, and the results are shown in the 

table on the map. 

Following the map is a brief description of each site dealing mainly with 

the subjective details, and any other important information not readily 

apparent from the points rating. 

Site 1 - (17 Points) 

The combination of excellent views (both of the site from the Interstate 

and of the Bridger Mountains from the site) and interesting natural features 

on site (stream) make this site very desirable. 

The size of the site would allow a great deal of flexibility in organization 

and parking. The main drawback of this site is its distance away from the 

MSU campus. 

Site 2 - (16 Points) 

While scoring very closely to site #1 in total points, this site doesn't 

have the pleasing aesthetic qualities found in site #1. Site #2 is sandwiched 

between a shopping mall and the uninspiring buildings of the fairgrounds. 

The view of the Bridgers is there, but so is a view of Bozeman's industrial 

park, which includes a number of large white oil storage tanks. 
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Site 3 - (10 Points) 

This site was considered on the recommendation of Mike Money, senior 

planner for the city of Bozeman. The site is currently occupied by the 

Bozeman hospital, which will be shut down on completion of the new hospital. 

The city is searching for a new use for that land, and would probably 

provide the land free of charge. 

Unfortunately, the site is not large enough for the area of building 

required, when considered along with parking requirements. Also, the 

surrounding residential neighborhoods would suffer from the large volumes of 

traffic that the facility would bring through the area. 

Site 4 - (12 Points) 

This site is the most culturally and historically important site of the 

eight. Now vacant, this corner once held the original Bozeman Opera House. 

Placing the facility on this site would enhance the image of the downtown area 

as the cultural center of the city. 

However, like site #3, this site is not large enough and parking would 

become a real problem. 

Site 5 - (14 Points) 

The most commendable asset of this site is the spectacular view of the 

Bridger Mountain Range. It also has ample room for the building and parking 

requirements. 

While it is not as far physically removed from the MSU campus as the 

other off-campus sites, it is less accessible due to its location on Sourdough 



Ridge. It is also adjacent to the Bozeman Cemetery, which may require extra 

land for future expansion. 

Site 6 - (14 Points) 

This site was proposed for a performing arts centre by Professor Bob 

Meeker for a 1984 summer design class. Accessibility to the campus is 

excellent and there is adequate parking possible in the nearby parking lots. 

However, the site is extremely small, leaving very minimal possibilities 

for landscaping or building placement. Being adjacent to 11th Avenue, it 

would be subject to the large volumes of traffic generated by football and 

basketball games, and large events at the field house. Using this site would 

only compound the traffic problem, and possibly necessitate special noise and 

vibration control. 

Site 7 - (14 Points) 

This site was chosen by Professor Tom Wood for a third year studio 

project involving a performing arts centre. While there are existing buildings 

on this site, the MSU Master Campus Plan calls for their removal. This would 

create an area only slightly larger than that of site #6. The same traffic 

problem also exists. 

One nice aspect of this particular site is its proximity to Reynolds 

Recital Hall and the Strand Union Building. 

Site 8 - (15 Points) 

Located between Kagy Boulevard and the Museum of the Rockies, this 

site is in a scenic location with a good view of the Hyalite Peaks. There is 
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enough room for the building and parking. 

The main problem with this site is that it is not easily accessible from 

the interstate highway, and some visitors not familiar with Bozeman could 

have trouble finding it. The potential for dispersing large volumes of traffic 

is also limited. 

(2) Analysis of Results 

The site that ended up with the most points was site #1. Sites #2  and 

#8 had 16 and 15 points respectively. With the points being this close, the 

final choice must rest on the subjective strengths of the sites. 

On that basis, I chose site #1. Each site had its own particular assets, 

but in view of the economic and shared civic aspects of the proposal, the 

proximity of site #1 to the Interstate and the motels weighed heavily. Also, 

the views and potential for design flexibility seemed the best with this site. 

(3) Summary of Reasons for Choosing Final Site 

- Assuming that the proposed streets shown in the Bozeman Master Plan 

will be built, the site will be bordered to the north and south by arterial 

roads (Baxter Lane and Oak Street) and to the west with a collector (North 

11th Avenue). A major intersection with traffic lights will occur at Oak 

Street and 7th Avenue. This direct accessibility to major streets will ensure 

quick and efficient dispersal of large volumes of traffic. 

- The site is very close to the I-90 off-ramp at 7th Avenue North. In 

fact, the site is clearly visible from the interstate highway. Another off-

ramp feeding directly into north 19th Avenue is planned. Not only would this 

allow for finding the building quickly and easily, but it would also provide an 
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opportunity to make the facility a visual landmark that people could identify 

with Bozeman as they drive by on the interstate highway. 

- The site is directly adjacent to three motels and near a number of 

others. This works well with the proposed funding scheme. The area of 

north 7th Avenue also contains a number of restaurants that would fit into an 

evening of activities at the centre of the arts. 

- The site will be connected directly to the Gallatin County Fairgrounds 

by an arterial street (Oak Street). This would make the facility convenient 

to include in festivals and civic celebrations that take place at the fair

grounds. 

- Despite being fairly far removed from the campus, the extension of 

north 11th Avenue will create a direct vehicular link between the facility and 

the MSU campus. 

- The site is very pleasing aesthetically. To the north is a spectacular 

view of the Bridger Mountain Range. The Hyalite Ridges and the Spanish 

Peaks can be seen in the distance to the west and south. 

- The land of the site is zoned as B-2-T (Highway Commercial Transi

tional). The regulations for highway commercial business would allow a 

performing arts to be placed on that site. Because there is low density 

housing planned for the area west of the site, the land is intended to be a 

transition or buffer between the highway commercial strip and the residential 

area. This type of facility would be well suited to acting as a common 

ground or buffer. 



SITE ANALYSIS 

A) Climate 

(1) Climate of Bozeman, Montana 

Located at the base of the western slope of the Bridger Mountain Range 

at a point where the valley is about 10 miles wide east to west, Bozeman 

experiences essentially a mountain valley climate. In the weather station 

vicinity the ground slopes downward to the north at a rate of about 80 ft. to 

a mile, but the valley flattens and broadens to the northwest for several miles 

before narrowing into a shallow canyon near Logan. Except for the narrow 

Gallatin River opening at Logan, the Bozeman section of the Gallatin Valley is 

surrounded by mountains. 

Precipitation in the Bozeman area varies considerably. Belgrade Airport, 

11 miles northwest and 400 ft. lower than the Bozeman station, receives on 

the average about 5 inches per year less than Bozeman, while annual totals in 

the surrounding mountains, particularly east and south, are generally much 

larger. Differences in snowfall are similar, the eastern edge of the valley 

(including Bozeman) usually receiving larger amounts than the western edge. 

Temperature differences away from the steep mountain slopes are not large 

within the valley, but the lower elevations of the valley just above Logan are 

often a bit cooler at night than at Bozeman, due mainly to the fact that cold 

air (being more dense than warmer air) seeks the lowest level it can find. 

Conversely, afternoon temperatures at Bozeman are frequently a little cooler 



than at the lower points in the valley, but in the absence of showers or other 

local effects, the differences between Bozeman and Belgrade are usually less 

than 4°F. 

Summers are generally pleasant and are characterized by warm days, 

cool nights and a high percentage of possible sunshine. In the 30 years 

summarized, the greatest number of days in one year with 90° or higher 

maximums was only 17 in 1961. Conditions humid to an uncomfortable degree 

are rarely experienced. Summer precipitation falls mostly as showers, 

sometimes accompanied by thunder and lightning, occasionally but not often 

with some hail. However, hail damage in the Bozeman area, although it has 

occurred a few times, has been relatively light and scattered. Near the 

beginning of summer in June, as well as during the last couple of weeks of 

summer in September, showers occasionally have given way to steady rains 

which can total as much as an inch or more in 24 hours. 

Winters are relatively cold, and occasionally a winter month has had a 

week or more of severely cold weather. In the 30 years summarized, there 

have been only two winter months during which Bozeman temperature 

averaged less than 10°F, and no months averaged below zero. Mild winter 

weather is not unusual. Most winter precipitation falls as snow. 
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Figure 2. Means and extreme. (Source: ESSA) 
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B) Soils 

The soil found at the site is known to soil scientists as Bridger Silt 

Loam. This soil was formed in the alluvial fan of the valley. A dark 

granular loam surface soil overlies a silty clay loam texture that is very hard 

when dry. Bridger Silt Loam is well drained with medium to rapid runoff and 

moderate to moderately slow permeability. 

Vegetation usually includes bluebunch wheatgrass, plains reedgrass, 

western wheatgrass, green needlegrass, prairie dunegrass, big sagebrush, 

blue grama. 

The major l imitation of this soil type pertains to the building of roads 

and paved parking areas where there is a problem with load bearing capacity 

and high potential for frost action. 

(1) Water Table 

The water table is 3 feet below grade (average). This restricts the 

development of below grade construction due to water infiltration problems. 

( 2 )  E x i s t i n g  S t r e a m  

There is a small stream running through the site from south to north. 

It is protected by a city ordinance requiring a 35' setback on both sides of 

the stream. There is potential to use this natural feature as an element of 

the landscaping of the site, particularly if the 35' setback is observed as a 

strip of park around the stream. 

C) Hydrology 

i 
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The major restriction, other than the setback, is the requirement of 

fi ltered runoff into the stream. This is to maintain the stream as a habitat 

for fish. 

D) Access 

(1) Sources 

The three major sources of traffic will be from the I-90 Interstate onto 

7th Avenue North, from within Bozeman up 7th Avenue North, and along Oak 

Street from the proposed I-90 off-ramp at 19th Avenue. Baxter Lane and 

11th Avenue North will be secondary suppliers. Some pedestrian and limited 

vehicular access will come from the motel adjacent to the land on the east 

side. 

( 2 )  O p t i m u m  A c c e s s  

In order to maintain Oak Street as the major street for dispersing the 

traffic from the facility, vehicular access to the site for patron parking 

should be from 11th Avenue. Baxter Lane may be used for limited parking 

access, and for service access. The intersection of Oak Street and 11th 

Avenue should be controlled with traffic lights. 

AS B-2 

B-2-T i 

Figure 3. Traffic sources to site. 



Figure 4. Optimum access to site. 

E) Legalities 

1) The major legal restriction imposed upon the site is the zoning 

designation of B-2-T. Briefly, this zone is for Highway Commercial in 

transition. The restrictions are described in detail in the Bozeman Zoning 

Code. Through consultation with senior Bozeman city planner, Mike Money, 

the use of this site for a performing arts centre was verified. The only 

regulations that would affect the physical design would be the setback (10 

feet, back and side; 20' front yards) and height limitation of 40 feet. 

However, the height restriction could probably be changed through a variance 

considering the nature of the building. 

2) The only other legal matter is the 30 foot setback along the creek. 

It is permissible to have roads and walks closer or crossing the creek only if 

they are designed to direct runoff away from the creek. 

insior, 
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F) Views 

(1) From the Site 

The most imposing view is that of the Bridger Mountain Range to the 

north. The peaks loom nearby and dominate the skyline. To the west is 

first a plain, with the Spanish Peaks visible in the distance. The south view 

will be dominated by residential development, but the Hyalite Ridges may stil l 

be visible. The vista to the east has the three motels immediately adjacent to 

the site, creating the urban/commercial context. 

( 2 )  O f  t h e  S i t e  

The best view of the site is from the 1-90 and Baxter Lane. Since the 

roads are elevated above the level of the site, one can see the mountains to 

the south more clearly, as well as get many angles of view of the site. 

I  
r  

B-2-T i Hs / 

wm 
Oak Svc-ei nsior, 

Figure 5. Views of site. Figure 6. Views from site. 
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IV. BUILDING PROGRAM 

A) General Definition of the Facility 

The Bozeman Centre of the Performing Arts will be a mixed use facility 

responding to current needs in the city and surrounding area. The functions 

within the facility can be divided into four general categories as described 

below. 

(1) Performance Spaces 

Performance spaces are those spaces that are used directly for accommo

dating the performers, technicians, and patrons involved in music, dance or 

theatre productions. 

(2) Support Spaces 

These include all facilities used in the preparation and activities related 

to but not part of the actual performance. Also included in this group are 

conference rooms, classrooms, and offices. 

(3) Service Spaces 

Those spaces and pieces of equipment required for maintaining, supply

ing and repairing the rest of the facility. 

i 
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B) Facility Users 

In order to identify the requirements and relationships between spaces, 

an understanding must be gained about the people who will be using the 

facility. There are six groups that include virtually all possible activities 

that would take place in the Centre for the Performing Arts. 

(1) Patrons 

Patrons are people that come to the centre of the arts to take in 

performances. They are paying customers and are the reason behind 

presenting performances. This is the largest of all the user groups, and will 

often generate large volumes of vehicular and pedestrian traffic in short 

periods of time. 

The facility will require a number of people as staff. The staff will be a 

combination of full-time and part-time employees. 

Full-time staff will include one person in charge of scheduling the use of 

the different parts of the building and keeping administrative duties. The 

administrator will have a secretary to handle all the clerical work generated 

through normal operation of the facility. One full-time technician will be 

retained for the purpose of maintaining all specialized systems and equipment 

used in the theatres and concert hall. The technician may also be respon

sible for some clean-up chores following performances. Finally, a custodian 

will be required for general upkeep and maintenance of the remainder of the 

facility. 

( 2 )  S t a f f  



Part-time staff will include parking attendants, box-office persons, 

ushers, and people to man the concession stand. 

(3) Performers 

Performers are the participants in concerts and productions that will 

take place at the facility. They can be divided into two general groups: 

those involved in theatre related performances, and those who are in musical 

performances. Each group has specialized requirements that must be 

recognized when designing for them. 

(4) Students 

The most frequent student users would be theatre and drama students 

who come to use workshop and technical equipment. Actual classes would be 

limited because of the problem of commuting from the campus. However, with 

workshop and technical equipment now on campus being relocated to the new 

facility, the Theatre Department's current need for more classroom space 

would be answered. 

Many of the workshop and technical classes are now being conducted on 

a work-study basis, which means that they can come to the facility at 

specified times that do not conflict with regular classes (thus eliminating 

transit time problems that would occur with a normal class schedule). 

( 5 )  C o n v e n t i o n i s t s  

"Conventionists" are those people who come to the centre of the arts to 

use the convention facilities. They represent a wide range of service clubs. 

1?— 
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fraternities, commercial trade shows, or virtually any organization that would 

pull its membership together for internal events. 

(6) Local Event-Goers 

This strange-sounding group represents all the other people who would 

be using the convention facilit ies. Events that would draw users from this 

group include music festivals, public dances, activities tied in with the Sweet 

Pea Festival and summer exhibition, etc. 

C) PROCESS 

(1) Description 

As a means of graphically organizing the relationships between users, 

activities and scheduling, each of the six user groups has been plotted on 

the standard chart shown below. The information gained from these studies 

is directly reflected in the spatial and functional relationships of the 

conceptual "bubble diagrams." 

osefS —'Timg - Acrivrrr STUPT 
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Figure 7. Sample user/time/activity worksheet. 
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(3) Summary of Building Area by Functional Groupings 

(a) Performance Spaces 

- concert hall 
-  theatre 
- experimental theatre 
- l ight board and projection room (music) 
-  recording room (music) 
-  control booth (theatre) 
- recording room (theatre) 
-  box off ices (2) 

TOTAL (net) 
- circulation, systems, and structure (35%) 

TOTAL (gross) 

(b) Support Spaces 

- storage (music) 
-  warm up room (music) 
-  dressing rooms (music) 
-  off ices (music) (2) 
-  lounge/green room (shared) 
- classrooms (shared) 
- mult i-purpose rooms (convention) 
-  conference rooms (convention) 
-  storage (convention) 
- costume storage and workshop (theatre) 
- rehearsal room (theatre) 
-  dressing rooms (theatre) 
-  off ices (theatre) 
-  lobby (shared) 
-  coat room (shared) 
- public washrooms (shared) 
-  kitchen (shared) 
-  reception (staff) 
-  off ice (staff) 
-  lounge (staff) 
-  dressing (staff) 
-  washrooms (staff) 

TOTAL (net) 
-  circulation, systems, and structure (40%) 

TOTAL (gross) 

Area (sq. f t .) 

16,500 
6 , 6 0 0  
3,000 

500 
200 
700 
200 
200 

29,900 
9,765 

37,665 

Area (sq. f t .) 

700 
2,500 
1 ,100  

300 
1 ,300 
1 ,200 
4,800 
1 ,000 

500 
2 , 0 0 0  
2,500 
3,000 

400 
3,500 

500 
800 

1 ,000 
250 
150 
400 
200 
160  

28 ,260  

11,304 

39,564 
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(c) Service Spaces Area (sq. f t .  ) 

-  loading dock and receiving 1,000 
-  custodian room and storage 200 
-  workshop (theatre) 2,000 

TOTAL (net) 3,200 
-  circulat ion, systems, and structure (40%) 1,280 

TOTAL (gross) 4,480 

(4) Summary of Bui lding Area by Spaces 

Music 21 ,800 
Theatre 22,500 
Convention 6,300 
Staff/Administrat ion 1,360 
Shared Spaces 9,300 
Circulat ion, systems and structure 23,309 

TOTAL 83,569 

Projected Building Costs @ $80/sq. f t .  $6,525,520 



( 5 )  Spatial Relat ionship Diagram 
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(6) Parking Requirements 

According to Mike Money, senior city planner for Bozeman, there are two 

different ways of calculating the required parking area. 

(a) The first method involves the provision of 1 parking space for 

every 6 seats in the building. If there is a total of 2,300 between the 

concert hall and the two theatres, 383 parking spaces are required. 

(b) The second method involves the calculation of 1 space for each 45 

sq. ft. of area, with the area taken as 85% of the total gross building area 

(=71,034). Using this method, a total of 1 ,578 spaces is required. 

Strange as it may seem, the designer has the choice as to which method 

of calculation he uses. Either one will be approved when reviewed by the 

city. 

D) Design Determinants 

(1) Acoustics 

Acoustics is defined as "those qualities of a space that affect the 

production, transmission, and perception of music or speech."' It has been 

proven that "good acoustics may be achieved through distinctly different built 

environments. Also true is the fact that "good" acoustics means different 

things when being applied to various styles or time periods of music. 

Despite the large number of variables involved in achieving good 

acoustics, the basic elements really consist of a few interrelated factors. 

1 Leo Beranek, Music, Acoustics and Architecture (New York: John Wiley S 
Sons, Inc., 1962), p. 31. 
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Musical Qualities Affected by Acoustics 

Musical Factors Acoustical Factors 

Fullness of tone 

Clarity to loudness of reverberant sound 

Speed of music 

Reverberation time 

Ratio of loudness of direct sound 

Short initial-time-delay gap (eighteenth 

Intimacy (audible) 

century music room) 
Medium initial-time-delay gap (late nineteenth 

century concert hall) 

Very long initial-time-delay gap (cathedral) 

Timbre and tone color 

Richness of bass 
Richness of treble 
Tonal distortion 
Texture 
Balance 
Blend 

Diffusion in hall 
Attack 

Ensemble Musicians' ability to hear each other 

— Loudness of fortissimo 

Dynamic range _ Relation of background noise to loudness 

of pianissimo 

2 
Figure 8. The above chart^ shows the interrelation between audible factors 

of music and the acoustical factors of the halls in which the music 
is performed. 

The design of an acoustic environment can be extremely complicated 

when approached scientifically. However, there are a few basic rules of 

thumb that can be followed to arrive at a design that will be at the stage 

where a detailed acoustical analysis will be the next step. 

(a) Proportion. The proportion of room width to length to height is 

the most basic design consideration. In order to prevent standing waves, the 

walls should not be parallel to one another, just as the ceiling and floor 

should not be parallel. Also, due to the physical properties of sound travel

ing in waves, the walls should not be of even ratios. 

(b) Surface Coverings. Acoustical environments can be "fine tuned" to 

their intended use by the application of different materials to control 

reflection of sounds. Generally, hard surfaces will reflect high frequency 

sounds. Soft materials such as drapes, upholstery and people tend to absorb 

2Beranek, p. 43. 

'Egiixiino lJr 
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rather than reflect high frequencies. By careful placement of these 

materials, a room can be made to be "live" or acoustically "dead." A live 

space is one that reflects the sounds and has a perceptible reverberation 

time. 

(c) Acoustic Isolation. No matter how well designed a space is, the 

effect of its acoustics will be lessened if extraneous sounds are allowed to 

enter into the space. Isolation from these sounds can be achieved in a 

number of ways. The shell of the room can be very massive, which would 

absorb any vibration before it gets through. In the case of a theatre or 

concert hall, a buffer zone around the periphery is always effective. This 

zone is an enclosed area between the wall of the hall and the wall of adjacent 

rooms, preventing the direct transmission of noises generated in neighboring 

rooms. Care must be taken not to allow holes in the shell where sound can 

come through. In the case of doors, a "sound lock" will work; very similar 

to an air fock in entries to buildings. Placement of the building on the site 

so that any sources of noise from outside are not directly open to walls of the 

acoustic space. 

(d) Volume of the Space. Reverberation time is directly related to the 

sound absorbing area of the space, which includes seats and people and the 

cubic volume of the space. Early on in the design the volume required to 

achieve a desired reverberation time can be calculated using a standard 

formula and charts. 
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(e) Controlling Reverberation and Initial Time-Delay Cap Through Hall 

Shape. 

F E E T  

Fig ure 9. Sketch showing architectural means for achieving a short initial-
time-delay gap without sacrificing reverberation time.^ 

(f) Diffusion. The diffusion of the sound within a space results in 

music that is without tonal harshness. It is achieved with the use of 

irregular surfaces to scatter the sound in many directions. 

(g) Balcony Design. The ratio of balcony overhang to the height above 

the seats will govern the effectiveness of the design. Balconies that are deep 

and low result in the sound being muffled. The distance D in the diagram 

^Beranek, p. 490. 
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should not exceed the height H. The soffit should also be shaped to reflect 

the sound to the heads of the listeners below the balcony. 

Figure 10. Recommended designs for excellent balconies.4 

( 2 )  S p e c i a l  E q u i p m e n t  

In the theater and concert hall, provision must be made for certain 

pieces of equipment that are specialized to those spaces. 

(a) Control Rooms. Both spaces require isolated rooms at the rear of 

the space with a good view of the stage. The control rooms typically house 

the light board, recording equipment, film projectors, spotlights, and 

observation rooms. 

(b) Hydraulic Orchestra Pit. The theatre often uses a hydraulically 

raised and lowered portion of the stage floor as an orchestra pit. Provision 

^Beranek, p. 465. 

H 
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for the hydraulic equipment must be made early, as the shaft extends down 

at least one half of the distance of the vertical travel. 

(c) Fly Loft. The theatre requires a tali open structure above the 

stage area. It is used to house drapes, scenery sets, backdrops or any 

devices that must be raised above the stage out of sight lines. 

head "BVJOCK Veflms 

lltp? UOFT iU>C|Z? 

Figure 11. Sketch of stage block showing names and locations of flying 
equipment. ̂  

^H. Burrrs-Meyer and E. Cole, Theatres and Auditoriums (New York: 
Reinhold Publishing Corporation, 1949), p. 137. 
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(d) Freight Elevator. If the stage is not at the level of the loading 

dock, a freight elevator must be provided to transport equipment. 

(e) Lights. Both the concert hall and the theatre require a variety of 

l ights for use in il luminating the show on stage. Easy accessibility and 

flexibility of use is required. All l ight units should be out of the sight lines 

of people in the audience. 

(f) Traps. Traps and elevators are specialized panels mounted in the 

stage floor. They can be raised or lowered to create different effects for set 

design. 

fi 
Figure 12. Sketch showing fixed tabs elevator. 

*'*votori .  

Trop elevators 

Figure 13. Sketch showing trap elevators.7 

C 

Burris-Meyer and Cole, p. 131 

7Ibid. , p. 130. 
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(3) Case Studies 

The following case studies exemplify uniquely different approaches to 

concert hall design. 

(a) Grosser Musikvereinssaal, Vienna, Austria. 

This 1870 hall is widely acclaimed for its superior acoustics. It is a 

relatively small hall, with 1,680 seats. Its proportions are typical of many 

European halls of this period, being a narrow rectangle with a high ceil ing. 

The high ceil ing results in a reverberation time of over 2 seconds. Also 

important are its irregular interior surfaces and interior f inish primarily of 

plaster. 

Building Pfogfam 



o 

SLATING CAPACITY 1680 
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Figure 14. Grosser Musikvereinssaal - plan and sections. 

8 
Beranek, p. 195. 
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(b) Beethovenhalle, Bonn, Germany 

The Beethovenhalle is an example of 

shape. It was completed in 1959, and 

impressive post-war cultural centers in 

sidered to be excellent, due in part to 

asymmetrical balcony design. 

a concert hall in the symmetrical fan 

is recognized as one of the most 

Germany. The acoustics are con-

an intriguing ceiling treatment and 

I TTtlrfmo 1; r o 
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SLATING CAPACITY 1407 

'4 5 0 10 20 30 

Figure 15. Beethovenhalle - plan and sections. 

Beranek, p. 269. 
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(c) Kulttuusitalo, Helsinki, Finland. 

This concert hall is an exciting building both inside and out. Its 

irregular fan shape is interesting to see. Even though the fan shape and a 

low reverberation time would suggest an undesirably long initial-time-delay 

gap, the shape of the ceiling keeps that time short. 

Jiniiding riv^pmi 
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SEATING CAPACITY 1500 

METERS 

Figure 16. Kulttuusitalo, Helsinki, Finland - plan and sections.^ 

^Beranek, p. 231. 
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(d) Konserthus, Gothberg, Sweden. 

This small hall is f inished entirely in wooden panels in the interior, 

creating a beautiful warm atmosphere. There are no balconies; all 1371 seats 

are located on the main f loor, which is raised in sections. 

The acoustics are excellent due to special construction details that 

ensure that the wood panels act only as reflective surfaces, rather than 

resonating. 

o o 1 



SEATING CAPACITY 1371 

METERS 

Figure 17. Konserthus, Gothberg, Sweden - plan and sections.^ 

^Beranek, p. 373. 
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(e) Staatsoper, Vienna, Austria. 

The Staatsoper is a post-war reconstruction of an opera house that was 

bombed out during WWII. Its horseshoe shape is ideally suited for opera, 

and its small size helps to make it good acoustically. 
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Figure 18. Staatsoper, Vienna, Austria - plan and sections.12 

12Beranek, p. 201. 
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(f) Tupelo High School Auditorium, Tupelo, Mississippi. 

This facility is a joint school/community venture with a capacity of 1500 

seats. The unique feature of this auditorium is the possibility of dividing it 

into smaller segments with the use of moveable walls. 

1 ̂  
Figure 19. Tupelo High School Auditorium, Tupelo, Mississippi - plans. 

13 
Divisible Auditoriums; A Report from Educational Facilit ies Laboratories, 

p. 13. 
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V. DESIGN PROCESS 

A) Parti 

The concept of using the musical idea of fugue as the ordering principle 

of the building was the starting point for this design. Briefly, the fugue is 

a composition that states a theme and then adds layers of melody and harmony 

to complement and restate the theme. To demonstrate this, I will l iterally 

"play" the concept of my design to begin my thesis presentation. The piece 

is Contrapunctus IX by J. S. Bach, arranged for brass quintet. I will state 

the theme, and then be joined by the other trumpet player who will restate 

the theme and add a dimension of harmony to what I am playing. As it 

progresses, the other instruments will each make their entrances, restating 

the original theme and then blending in to become part of the harmonic struc

tures created by the other players. This continues using dynamics, rhythm, 

and range to produce different colorations based on the same melody. The 

piece ends as all five players resolve the harmonies and moving lines in a 

chord that is made whole only by the virtue of all five players together. 

In terms of the design, the starting point, or theme, is derived from the 

classic theories of geometry and proportion inherent in the 1.6 rectangle. In 

its simplest form, the parti consists of a series of 1.6 rectangles that have 

been rotated on a common radius and shifted on their axis away from the 

center. In plan, this is the ordering principle used to locate the various 

major elements of the building. The radii converge on a point that lies at the 

center of the short side of a 1.6 rectangle; it is this rectangle that 



Figure 20. Parti showing geometry and rotation. 



proportions the concert hall, and provides the right angle geometry found in 

the rear of the building. In the vertical dimension, the progression of 

rotating and shifting elements is also used. Starting with the experimental 

theatre, the major identifying elements of the building rise upward from a 

common horizontally oriented base. Finally, just as the fugue ends together, 

the building is contained within one large rectangle, its very footprint a 

reinforcement of the geometry from whence it came. 

B) Orientation 

There were two major influences in the orientation of the building on the 

site. The first, and most physically restricting, was the creek and its 

obligatory 35 foot setback on both sides. The second, more philosophical 

influence was the proximity of the site to the interstate which implied the 

responsibility of providing highway scale image and landmark to represent the 

city of Bozeman. A third, less demanding restriction was the traffic flow 

that the analysis showed to be most desirable. 

As a starting point it was a given that the green strip around the creek 

would be used as a scenic walk to move people from a parking lot to the 

building. When the radiating nature of the parti was superimposed next to 

the green belt, the possibility of the curvilinear site geometry became an 

elegant way to organize the required roads and parking areas. By cutting 

the building into the gentle slope at the east of the site, the whole northwest 

corner became frontage to the building, as well as suggesting the west north

west axis of the main entry. This also put the entry axis parallel to the 

interstate, allowing the front glazing and entry feature atrium to be very 

visible to passing traffic. 



By adding a parking structure that followed the curve of the road and 

creek, a sheltered mall and amphitheatre could be integrated into the walks 

going out to the nearby hotels. 

The massing consists mainly of the two large theatres thrusting skyward 

from a horizontally oriented "base." The rear of the building is cut into the 

slope of the land, which lessens the apparent height on the side visible from 

the motels. To reinforce the verticality of the theatres, and also to reflect 

the sloping site, the entry facade steps up from ground level. 

The two theatre shapes play off one another through their choseness and 

individual height differences. 

In order to make the facility as flexible as possible, the functions have 

been organized to allow each major user space to operate independently of the 

others. For example, it is possible to have a theatre production, a concert, 

and a banquet going on all at the same time. This theme is carried through 

into the theatre, which is designed so that the two wing balconies can be 

isolated from the rest of the theatre with acoustic curtains, allowing lectures 

or small practice sessions to take place while the stage and main audience 

seating are being used for other things. 

To fulfil l its role as symbol and place of events, the foyer level on the 

front facade is fully glazed, allowing unobstructed vision into the foyer 

C) Massing 

D) Functional Organization 

E) Image 
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spaces from outside. The most dominant feature is the large glazed atrium 

space, once again visible from the exterior. It would exude a delicate 

crystalline image while contrasting and complementing the brick of the rest of 

the facades. 
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